Background: Nephrolithiasis is a well-known complication of indinavir treatment and may result in urological symptoms ranging from renal colic to renal insufficiency.
Arch Intern
A DVERSE EFFECTS of HIV protease inhibitor-containing highly active antiretroviral treatment constitute a threat to the quality of life and treatment adherence of patients infected with human immunodeficiency virus (HIV). [1] [2] [3] Nephrolithiasis is a well-known complication of treatment with indinavir sulfate, 20% of which is cleared by the renal system. [4] [5] [6] Symptoms range from renal colic, flank pain, dysuria, and gross hematuria to the passing of a kidney stone. Other symptoms related to the renal effects of indinavir use are crystalluria and renal insufficiency, which may go undetected without specific monitoring. Symptoms may occur early or late during treatment and occasionally occur after treatment discontinuation. [7] [8] [9] [10] [11] [12] The incidence of urological symptoms among patients taking 800 mg of indinavir 3 times daily was estimated at 4% in clinical trials and 8% to 16% in other studies. 4, [9] [10] [11] [12] [13] Urological symptoms are generally assumed to be secondary to sludging of indinavir crystals in the urinary tract, probably because of the low solubility of indinavir in aqueous conditions. 14, 15 Therefore, the major risk factor for urological symptoms seems to be insufficient fluid intake, which leads to concentrated urine and a diminished urinary flow, thus facilitating indinavir precipitation and crystal aggregation. 4, 16 Nevertheless, abundant fluid intake is not always sufficient for the prevention of urological symptoms, which suggests that other factors play a role as well. 12 Warm environmental temperatures, female sex, concurrent hepatitis C infection, and high indinavir plasma concentrations have also been suggested as risk factors for urological symptoms. 8, 9, 13, [17] [18] [19] [20] Indinavir plasma concentrations depend on the indinavir dosing regimen used, gastric pH, distribution volume, and hepatic and renal clearance. 5, 6, [21] [22] [23] Any factors affecting these aspects are potential determinants for the development of urological symptoms.
We performed a population-based cohort study to estimate the incidence of urological symptoms among patients taking HIV protease inhibitors as part of highly active antiretroviral treatment and to identify potential risk factors for urological symptoms during indinavir treatment. In particular, we studied the role of various indinavir dosing regimens, environmental temperatures, and lean body mass (LBM).
RESULTS
The ATHENA source population comprised 2470 patients, among whom 2362 (96%) ever used an HIV protease inhibitor. Among these, 1239 patients (53%) began initial HIV protease inhibitor treatment in 1997 or thereafter. We excluded 18 patients because of incomplete data on HIV protease inhibitor treatment and 2 because of urological symptoms present at the start of HIV protease inhibitor treatment. The final HIV protease inhibitor cohort therefore comprised 1219 patients, among whom 445 used indinavir at any time.
For the indinavir cohort, we included all 445 patients from the HIV protease inhibitor cohort who used indinavir. In addition, we included 4 patients who had incomplete data on initial HIV protease inhibitor treatment but had complete data on indinavir treatment, and 195 patients who started taking HIV protease inhibitors before 1997 but who obtained the first prescription for indinavir in 1997 or thereafter. The final indinavir cohort therefore comprised 644 patients.
INCIDENCE OF UROLOGICAL SYMPTOMS
Within the HIV protease inhibitor cohort, a first occurrence of urological symptoms was described in 49 of 1219 patients (4%), among whom 45 (92%) developed symptoms during HIV protease inhibitor treatment. Other reasons for end of follow-up (right-censoring) were death
PATIENTS AND METHODS

SETTING
We conducted a study within the ATHENA (AIDS Therapy Evaluation National AIDS Therapy Evaluation Centre) cohort. This is a large national cohort of patients infected with HIV in the Netherlands who have been or are being treated with at least one of the antiretroviral drugs that were introduced after July 1996 (all HIV protease inhibitors, all nonnucleoside reverse transcriptase inhibitors, and the newer nucleoside analogue reverse transcriptase inhibitors such as lamivudine and stavudine) and who gave written informed consent. Patient entry began in May 1998 and continues to date. All 22 Dutch hospitals providing treatment to patients infected with HIV participate in the ATHENA project. The project has been approved by the ethics committees of all participating centers.
According to the national guidelines for HIV treatment in the Netherlands, patients are seen at approximately 3-month intervals for regular follow-up. 24 Data for the ATHENA cohort are collected from the medical records on standardized forms by trained research nurses and treating physicians. This is performed retrospectively for the period before cohort entry and prospectively thereafter and continues to date. The resulting database contains information on sex, age, route of HIV transmission, height, and weight. Start and stop dates and dose frequency of any antiretroviral medication or prophylactic treatment against opportunistic infections, reasons for stopping such treatments, date of onset and resolution of HIV-related diseases, CD4 cell counts, plasma HIV-1 RNA load, and abnormal laboratory values are recorded in a standardized manner. Database information on adverse events comprises all events that lead to a change in antiretroviral treatment and several specified adverse events, including nephrolithiasis. In addition, physicians are requested to report otherwise remarkable events and abnormal laboratory values. On-site data monitoring of at least 10% of completed study forms by central data monitors takes place at regular intervals. In addition, central data verification through automated database consistency checks is performed, and any resulting queries are resolved by local research nurses. Data that had been entered, monitored, and verified before March 1, 2000, were available for the present analysis.
COHORT DEFINITION
On the basis of the treatment data in the ATHENA database, we selected 2 cohorts. The first cohort comprised patients commencing treatment with any of the HIV protease inhibitors and was used to estimate the incidence rate of urological symptoms during use of different HIV protease inhibitors. Patients were eligible for entry if they began taking the first HIV protease inhibitor no earlier than 1997, when the HIV protease inhibitors became available as prescription drugs through community pharmacies in the Netherlands. Patients entering the cohort were followed up until development of urological symptoms, death, loss to follow-up, or the date of last data collection, whichever came first. Cohort participants were allowed to change HIV protease inhibitors and to have treatment interruptions during the follow-up. The duration of use of each HIV protease inhibitor was calculated. Consequently, each person could contribute to multiple protease inhibitor exposure categories.
Because urological symptoms occur primarily in indinavir users, we formed a second cohort to further identify incidence rates and risk factors for urological symptoms during indinavir treatment. These patients first began indinavir treatment in 1997 or thereafter, independent of previous HIV protease inhibitor and previous urological symptoms. Follow-up lasted from the start of indinavir treatment until the development of urological symptoms, discontinuation of indinavir use, an interruption of indinavir use for more than 7 days, death, loss to (3%), loss to follow-up (0.4%), and last data collection (93%). The overall incidence rate of urological symptoms was 2.8 (95% CI, 2.0-3.7) per 100 person-years of HIV protease inhibitor treatment. Table 1 gives the specific HIV protease inhibitor incidence rates. Most symptoms (74%) occurred during treatment with indinavir. The risk of urological symptoms during use of indinavircontaining regimens was 8.7-fold higher (95% CI, 7.4-10.2) compared with regimens without indinavir.
The indinavir cohort was larger than the indinavir component of the HIV protease inhibitor cohort because inclusion criteria allowed patients to have used another HIV protease inhibitor before 1997. Conversely, the indinavir cohort had shorter follow-up because follow-up ended on discontinuation of indinavir treatment. The indinavir cohort was used for further analysis of the symptom incidence rates during indinavir treatment and the identification of risk factors for indinavir-associated urological symptoms. A first occurrence of urological symptoms during indinavir treatment was found in 58 of 644 patients (9%). Symptoms included nephrolithiasis (n=38), renal colic or flank pain (n=6), gross hematuria (n=6), renal insufficiency (n=6), nephritis (n = 1), and nephropathy (n = 1). Other reasons for end of follow-up (right-censoring) were discontinuation of indinavir use (33%), interruption of indinavir use for more than 7 days (6%), death (2%), loss to follow-up (1%), and last data collection (50%).
The overall incidence rate of urological symptoms was 8.3 (95% CI, per 100 person-years of indinavir treatment. The highest incidence rates were observed with indinavir regimens of 1000 mg or more twice daily and during the first 6 months of indinavir treatment ( Table 2) . After the first 6 months, urological symptoms continued to occur, but at a steady lower rate, as illustrated in the Figure. Table 3 summarizes the baseline characteristics of the indinavir cohort. Overall, patients had a median age of 39 years, were predominantly male and homosexual, and had Centers for Disease Control and Prevention disease classification 25 A or B. The median weight, BMI, and LBM were 70 kg, 22 kg/m 2 , and 73 kg, respectively. Most patients had more than 200 CD4 cells per microliter and more than 1000 HIV-1 RNA copies/mL. Most patients had follow-up, or the date of last data collection, whichever was earliest.
Patients for whom we had inadequate information regarding treatment or who had urological symptoms at cohort entry were excluded from both cohorts.
OUTCOME MEASURE
A range of clinical and subclinical symptoms has been attributed to the effects of indinavir treatment on the renal system. Given the method of data collection, the ATHENA database captures most overt clinical symptoms. There may be a relative underreporting of subclinical symptoms, such as abnormal laboratory values and renal insufficiency, depending on the intensity of patient monitoring. Assuming that any resulting misclassification is random within hospitals, the primary outcome measure of this study was the occurrence of urological symptoms (ranging from nephrolithiasis, renal colic, flank pain, and gross hematuria to a diagnosis of renal insufficiency, nephritis, or nephropathy), as diagnosed by the treating physician. The date of onset of first symptoms was defined as the index date.
COVARIATES
Potential determinants for urological symptoms are sex, weight, HIV-1 RNA load (which may be considered as a marker for compliance; the lower limit of quantification was set at 1000 copies/mL for this analysis), high plasma concentrations, primary reason for prior treatment change (possible reasons included intolerance, treatment failure, patient request, pharmacological reason, other specified reason, or unknown), concomitant use of ritonavir and cotrimoxazole, and dosing regimen of indinavir. Body mass index (BMI) (defined as weight in kilograms divided by the square of height in meters) and LBM ([height had prior antiretroviral treatment and started indinavir treatment in 1997, and the most common first indinavir dosing regimen was 800 mg indinavir 3 times daily combined with lamivudine and zidovudine, usually without concomitant co-trimoxazole.
RISK FACTORS FOR UROLOGICAL SYMPTOMS
Baseline characteristics associated with urological symptoms were LBM below the lowest quartile (68 kg), undetectable HIV-1 RNA (Յ1000 copies/mL), absence of co-trimoxazole use, and prior change of an antiretroviral treatment component because of intolerance. Prior change because of intolerance and the absence of cotrimoxazole use were closely related to low HIV-1 RNA (Pearson 2 test, PϽ.001 and P = .002, respectively), whereas low LBM was not (P=.65).
In addition to the baseline variables, we assessed whether time-varying covariates, such as weight, BMI, CD4 cell count, HIV-1 RNA load, indinavir dosing regimen, type of reverse transcriptase inhibitors, and environmental temperatures, altered the risk of urological symptoms. Of these, low weight (but not BMI) indinavir regimens of 1000 mg or more twice daily and warm environmental temperatures were associated with urological symptoms. Table 4 gives the crude and adjusted RRs for all factors that were univariately associated with the devel- opment of urological symptoms at P=.10. Adjustment for age and sex alone (data not shown) and adjustment for univariately associated variables did not change any of the associations. Weight was excluded from the multivariate analysis because of its close relation to LBM.
Restricting the analysis to clinically overt symptoms, such as nephrolithiasis, renal colic, flank pain, or gross hematuria, did not lead to different conclusions (data not shown). Unfortunately, the small numbers of patients did not allow further breakdown and analysis of urological symptoms.
Stratification for LBM showed that the effects of undetectable HIV-1 RNA load (Յ1000 copies/mL), indinavir regimens of 1000 mg or more twice daily and 800 mg indinavir combined with 100 mg ritonavir twice daily, and environmental temperatures greater than 18°C were more pronounced in the low LBM stratum, as reflected by higher RRs.
Further analysis of the 58 patients in the indinavir cohort who experienced urological symptoms provides insight into symptom reversibility. Twenty patients (35%) discontinued indinavir treatment, among whom 16 (28%) had subsequent resolution of their symptoms within 86 days. However, urological symptoms also resolved in 37 patients (64%) without discontinuation or before discontinuation of indinavir treatment. Among 5 patients (9%) in whom resolution of urological symptoms was not recorded, 4 had discontinued indinavir use.
COMMENT
In this large population-based cohort of patients infected with HIV in the Netherlands, the risk of urological symptoms during indinavir treatment was 8-fold higher compared with use of other HIV protease inhibitors. This difference is an expected finding, although the incidence among indinavir users was lower than reported elsewhere. 4, 9, 12, 13, 20 Most urological symptoms occurred within the first 6 months of indinavir use, but the incidence remained elevated thereafter, albeit at a steady reduced rate.
Risk factors for urological symptoms were low LBM, undetectable HIV-1 RNA (Յ1000 copies/mL) at the start of indinavir treatment, prior stopping of an antiretroviral drug because of any type of intolerance, and the absence of concomitant co-trimoxazole use. In addition, indinavir regimens of 1000 mg or more twice daily, low weight, and monthly environmental temperatures greater than 18°C were identified as risk factors. Neither sex nor concomitant use of co-trimoxazole, suggested elsewhere as risk factors, 8, 18 was associated with urological symptoms in our study.
The finding that LBM rather than BMI was associated with urological symptoms can be explained by the fact that a low LBM reflects a low distribution volume, which may lead to higher indinavir plasma concentrations. Moreover, indinavir has low lipid solubility, resulting in low fatty tissue penetration and therefore little protective effect of fatty tissue. 6 Patients with undetectable HIV-1 RNA at the start of indinavir treatment represent those who previously had successful treatment with antiretroviral therapy. These patients are more likely to have therapeutic or high plasma drug concentrations compared with patients without prior viral suppression. As a consequence, they may be more susceptible to plasma concentration-dependent adverse effects, such as indinavir-associated urological symptoms. 13 We can only speculate on this association because we did not measure indinavir plasma concentrations. However, a large proportion of patients with viral suppression had prior intolerance, leading to a treatment change, which confirms the fact that these patients may be more prone to development of adverse effects. 27 Another possible cause of urological symptoms in this group of patients is nausea, leading to less fluid intake and increased urine concentration.
The finding that indinavir dosing regimens of 1000 mg or more twice daily, which achieve higher indinavir plasma peak concentrations and larger areas under the curve, were associated with urological symptoms is consistent with earlier reports 13, 28, 29 of the relation between urological symptoms and high plasma indinavir concentrations. It is not known which pharmacokinetic factor, high indinavir plasma peak concentration or increased area under the curve, is the more important determinant of the risk for urological symptoms. Unfortunately, the number of patients using the combination of 800 mg indinavir and 100 mg ritonavir twice daily, a regimen with an indinavir plasma peak concentration comparable to that of 800 mg of indinavir 3 times daily and with a large area under the curve, 29, 30 was too small to differentiate between the effects of the 2 pharmacokinetic factors.
Warm environmental temperatures reportedly increase the risk of urological symptoms. 17, 20 Reduced urine production as a consequence of increased perspiration is the most likely explanation for the association between environmental temperatures and urological symptoms. The current advice for patients to drink at least 1.5 L of fluids per day may not be sufficient in warm weather. 31 Potential limitations of this study concern information bias and bias because of diagnostic suspicion for uro- 22 (20-25) 22 (20) (21) (22) (23) (24) 22 (20) (21) (22) (23) (24) (25) Underreporting or misclassification may have led to an underestimation of the incidence rates. However, it is unlikely to have affected the identification of risk factors for urological symptoms because we matched by treatment centers, within which the degree of reporting and preference for indinavir regimens can be expected to be similar among patients. Diagnostic suspicion bias is also unlikely to have played a role in the identification of risk factors, as we restricted this analysis to indinavir users only. Potential effect-modifying factors in the observed associations, such as dietary changes and fluid intake, were not available for analysis. Because indinavir plasma concentrations play an important role in the development of urological symptoms, use of inhibitors of cytochrome P450 and hepatic dysfunction may have aggravated the symptoms observed in this study as effect modifiers. 9, 16, [32] [33] [34] Since the use of interacting drugs is rare (an automated warning system for incompatible drug combinations is operated by the community pharmacists in the Netherlands 35 ) and the prevalence of clinically overt hepatitis is low in our cohort (2%), these factors are unlikely to have substantially affected our results.
In conclusion, an incidence rate of urological symptoms of up to 8.3 per 100 person-years of indinavir use was found in this large population-based cohort study. Low LBM, minimal HIV-1 RNA at the start of indinavir treatment, the use of indinavir dosing regimens higher than the standard dosing of 800 mg 3 times daily, and warm environmental temperatures were independent risk factors for the development of urological symptoms. Because high indinavir plasma concentrations appear to play a key role, it may be useful to include indinavir plasma concentration monitoring as a preventive strategy for urological symptoms. Other indinavir and ritonavir dosing regimens, with lower indinavir plasma peak concentrations or smaller areas under the curve, may be considered. Our study focused on the identification of risk factors for urological symptoms. Any of the proposed control †Cox regression analysis stratified for hospital with days taking IDV as follow-up time. ‡Adjusted for HIV-1 RNA at baseline, LBM, IDV regimen, and environmental temperature. §Environmental temperature as average temperature in the month of the index date.
measures should be tested for their efficacy to reverse and prevent urological symptoms. Finally, the results endorse the need for increasing fluid intake in environments or under other circumstances in which urine output may be decreased.
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